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ABSTRACT 

Hazard Analyses are presented f o r  each subsystem of  the 
Shutt le  Orbiter OV-102 configuration, and includet 
subsystem descriptions,  sa fe ty  features  and hazard ana lys i s  
pr in tout  tabs. This report, "Shuttle Orbi ter  OV-102 CDR 
Safety Analysis Report," i s  prepared per  IRD SA-045T in 
support of OV-102 CDR, updated t o  Apri l  29, 19778 and consists 
of the following volunes: 

SD77-SH-0001-001, Volume I Management Summary 
SD77-SH-0001-002, Volume I1 Struc tura l  Systems 
SD77-SH-0001-003, Volume I11 Mechanical Systems 

.SD77-SH-0001-004, Volume IV Propulsion Systems 
SD77-SH-0001-005, Volume V Power Systems 

SD77-SH-0001-0078 Volume V I 1  Environment Control 

SD77-SH-0001-008, Volume V I 1 1  Crew S ta t ion  & 

SD77-SH-0001-006, V o l ~ m a  V I  Avionics 

& L i f e  support 
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6 
*k INTRODUCTION 

This Safety Analysis Report (SARI supports the OV-102 CDR. Related SARIS i n  the 
Shut t le  Orbiter program s e r i e s  include: 

SD74-SH-0004 Shuttle Orbiter No. 1 RFT SAR 
SD74-SR-0168 Shuttle Orbiter 101 D e l t a  PDR SAR 
SD74-SH-0323 Shuttle Orbiter 102 PDR SAR 
SD75-SH-0064 Shuttle System PDR SAR 
SD75-SH-0135 Shuttle Orbiter 101 CDR SAR 
SD76-SH-0038 Shuttle Orbiter 102 D e l t a  PDR SAR 

IIAZARD ANALYSIS PROCESS 

The Hazard Analysis was performed per Rockwell International-Space Division, 
Re l i ab i l i t y  and Safety Desk Instruction 400-1. The hazard analysis  process, 
shown i n  Figure 1, involves t h e  evaluation of the  Orbiter i n  its mission phases 
by subsystem ident i f ied  by the  System Definit ion Manual number fo r  hazards i n  
t h e  major hazard groups described i n  the desk ins t ruc t ion  and coded as l i s ted  
below: 

I l lness / In  jury/Loss of Personnel AA 

Fire/Explosion/Implosion cc 

Loss of F l igh t  Control FF 
Other ( N o t  Defined) Jus 

Collision/Impac t/Erosion BB 

Loss of/Unsaf e Environment DD 
Crash Landing/Ditching EE 

The status  c l a s s i f i ca t ions  presented i n  the summary are defined i n  the  desk 
ins t ruc t ion  and listed below: 

. open (In-Work) Closed ( E l i m i n a t e d  ) 
Open (Residual) Closed (Controlled) 

Closed (Accepted) 

HAZARD ANALYSIS GRDUND RULES 

Ground rules used f o r  the hazard analysis are a s  follows: 

1. Hazards are iden t i f i ed  per the  ra t iona le  s t a t ed  i n  Desk Instruct ion 400-1 
and NHB 5300.4 (1D-1) . 

2. Hazard analyses a r e  conducted according to Desk Instruct ion 400-1 and "B 
5300.4 (-1). 

3. Hazard l eve l s  are as s t a t ed  in NHB 5300.4 (1D-1). 

4. A l l  C r i t i c a l i t y  1 FMEA's axe analyzed for hazards. 

5. A l l  other FMEA's are reviewed for ident i f ica t ion  of poten t ia l  hazards. 

6 .  Hazards requir ing w e e  o r  more f a i lu re s  will not be considered. 

7 .  Unless s t a t ed  i n  the hazard analysis, equipment is presumed to be operating 
per specification. 

s 1) 7 7 - s i~ - 0  o o 1 - 0 8 1 . .  
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. ORGANIZATION OF THE REPORT 

The first section of the report is  a description of the individual 
subsystems. These are very brief descriptions and they are intended t o  
provide suff ic ient  technical infomation so t h a t  the subsequent safety d a t a  
and discussions are understandable to the reader who may n o t  be familiar 
w i t h  the par t icular  system. 

The second section discusses safety features which are i n  the par t icular  
system. A discussion of the safeguards in the system is necessary t o  indicate 
the rationale of why particular potential hazards were not documented i n  
the hazard analysis section. An add i t iona l  feature of this section i s  to  
provide some general information on the Generic Hazard Groups derived from 
NHB 5300.4 for the specif ic  subsystems, This data  should be useful i n  terms 
of providing additonal v i s ib i l i t y  and rationale Involved i n  the hazard 
analysis selection process. 

The t h i r d  sectfon is a summary of the i n d i v i d u a l  hazard analyses. A discussfon 
i s  given t o  the  open, i . e . ,  in-work or residual hazards which have not been 
closed out as of the date of t h i s  report. The current status and resolution 
plans for these open potential hazards i s  also briefly discussed. Three 
tables are also included i n  t h i s  summary section. Table I l i s ts  the number of 
HA's which have been generated for the individual hazard groups (Fire, 
Collision, e tc . )  for each of t h e  subsystems. Table I1 i s  a tabulation o f  a l l  
the HA's i n  the particular volume. This l i s t  includes an identification 
number so t h a t  the reader can locate a par t icular  potential hazard i n  the HA 
section of the document, T h i s  l i s t  also provides a descriptive t i t l e  and 
current s ta tus  for  the individual potential hazards. I t  should be noted t h a t  a 
Catastrophic hazard i s  one i n  which no time exists t o  correct the problem. 
whereas i n  a Crit ical  hazard situation time for  corrective action i s  available, 
Table 111 is a Mission Phase Listing of the HA'S, 

The l a s t  section o f  the  report contains the lndividual HA's which are arranged 
alpha-numerically by the identification numbers previously mentioned. This  
k i n d  o f  listing results in. the HA's being grouped by subsystem, 
Adentifters are also included on the t o p  of the sheets t o  a s s i s t  i n  locating 
speci fi c i tens . 

Subsystem 

e -  

. .  

, 

- . . 

I 
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' SUBSYSTEM DESCRIPTIONS 
I 

CREW MOBILITY AIDS/DEVICES 

C r e w  m o b i l i t y  a ids/devices  w i l l  be provided  w i t h i n  t h e  crew compartment 
and t h e  payload bay to  fac i l i t a te  e f f i c i e n t  and safe movement of 
personnel  under normal and emergency cond i t ions .  
w i l l  b e  designed as r equ i r ed  for usage: under 1G h o r i z o n t a l  and 
v e r t i c a l  static cond i t ions ;  du r ing  h o r i z o n t a l  f l i g h t s ;  and d u r i n g  
orb i ta l  f l i g h t s .  They w i l l  c o n s i s t  of handholds,  rai ls ,  foot 
r e s t r a i n t s ,  and t e t h e r  or l i f e l i n e  a t t a c h  p o i n t s .  

These a ids /devices  

EEERGENCY EGRESS DEVICES 

Emergency eg res s  dev ices  are in t ended  to aid f l i g h t  pe r sonne l  i n  
r a p i d l y  and s a f e l y  e g r e s s i n g  from t h e  v e h i c l e  to  t h e  ground under 
s tatic v e h i c l e  cond i t ions .  These s ta t ic  c o n d i t i o n s  i n c l u d e  normal 
hor izon  t a1 a t t i t u d e  ,after landing;  _ _  _ _  and - -  norrn@.--or-unusual I- - a t t i  -- tudes_-.-- 
fo l lowing  a c rash  1 L d i n g .  

Two e g r e s s  rou te s  are a v a i l a b l e  to  p rov ide  unimpeded evacua t ion  under  
a l l  a n t i c i p a t e d  cond i t ions .  The pr imary  r o u t e  is v i a  t h e  side ha tch  
and t h e  secondary or a l t e r n a t e  r o u t e  i s  v i a  t h e  overhead ejection 
panels. 

-- - _ _  _ _ _  __ _ _  -_c_ - - - - -  

The side hatch i n c o r p o r a t e s  a swing-out bar t h a t  ex tends  outboard  
from t h e  open ha tch  upper su r face .  
expedient  means f o r  e g r e s s i n g  crewmen t o  t r a n s l a t e  from t h e  ha t ch  to 
t h e  ground. The ba r  is grasped  f r o m  a s i t t i n g  p o s i t i o n  on t h e  ha t ch ,  
t h e  body i s  then s h i f t e d  to  a hanging p o s i t i o n  on t h e  bar and t h e  
f i n a l  step i s  t o  drop t h e  remaining s h o r t  d i s t a n c e  to t h e  ground. 

Two Sky Genies are provided  for  overhead e g r e s s  and are stowed i n  a 
c o n t a i n e r  secured t o  t h e  lef t  hand inboa rd  e j e c t i o n  rail suppor t  s t r u c t u r e .  
The end of each Sky Genie rope i s  a t t a c h e d  t o  t h e  seat rail suppor t  
s t r u c t u r e  ad jacent  t o  t h e  stowage container.  

The bar permits a safe and 

_ _  - - _ _  _. - -  

The Sky Genie is comprised of an aluminum s h a f t  w i t h  an eye-bol t  a t t a c h -  
ment a t  t h e  lower end for s e c u r i n g  t h e  m a n  t o  t h e  u n i t .  Two t o  f o u r  
t u r n s  of a ,/aff diameter nylon descent rope  is wound around t h e  s h a f t  
t o  c o n t r o l  t h e  rate of descen t  through normal rope-to-shaft  f r i c t ion .  
The s h a f t  i s  enc losed  wi th  a 1-3/4" diameter housing t o  ma in ta in  t h e  
proper  rope  wrap around t h e  s h a f t .  The u n i t  e f f e c t i v e l y  slides down 
t h e  rope a t  a m a x i m u m  rate of descen t  determined by t h e  number of t u r n s  
of rope wound around t h e  s h a f t  w i t h  r e s p e c t  to  t h e  load be ing  lowered 
and f u r t h e r  c o n t r o l l e d  by t e n s i o n  a p p l i e d  t o  t h e  free end  of l i n e  by t h e  
descending crewman. The o v e r a l l  dimensions of t h e  u n i t ,  exc luding  t h e  
rope, i s  approximately 1-3/4f1 diameter by 9" long. 

A thermal  b l anke t  w i l l  be u t i l i z e d  fo l lowing  re -en t ry  for p r o t e c t i n g  
t h e  e g r e s s i n g  crewman from c o n t a c t  w i th  hea ted  TFS d u r i n g  overhead 
eg res s .  
openings.  A thermal sk i r t  w i l l  also be provided  on t h e  side ha tch  
cover  for primary e g r e s s  p r o t e c t i o n .  

The b lanket  w i l l  be deployed through t h e  overhead pane l  
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\ STOWAGE PROVISIONS 

Forty-two (42) modular stowage lockers  are provided i n  t h e  mid-deck 
area t o  accommodate a v a r i e t y  of stowage needs. The external 
dimensions of each locke r  are 21.062 x 18.125 w x 10.750 h; t h e  empty 
weight is approximately 10 pounds. They are mounted t o  t h e  av ionics  
w i r e  t r a y s  by fou r  #lo cap t ive  s leeve  bolts.  Pos i t i on ing  for  mounting 
i s  facilitated by guide p ins  ( 2  per box) located on t h e  w i r e  t r ays .  A 
23-inch tool is  requ i r ed  t o  reach t h e  s l e e v e  b o l t s  for engagement and 
t i g h t e n i n g  to  a f i n a l  t o rque  of 30 inch-pounds. 

Thi r ty- three  (33) l ocke r s  can be mounted t o  av ionics  bays  I and I1 and 
t h e  remainder t o  av ionics  bay 111. The locke r s  are designed t o  be  
removable on-orbit .  Access to locker  conten ts  is  through t h e  f r o n t  face 
door which is  hinged along t h e  bottom edge and secured i n  a closed 
p o s i t i o n  by two (2) f inger- t ightened c a p t i v e  bo l t s  located i n  t h e  upper 
t w o  co rne r s  of t h e  door during launch and ent ry .  On orbit ,  t h e  door is 
retained by a magnetic l a t ch .  

EQUIPMENT MOUNTING PROVISIOXS/BWKETRY 

Mounting provisions are provided for  both  CFE and GFE equipment. 
Mounting may r e q u i r e  adapter  bracketry between equipment and t h e  
veh ic l e  s t r u c t u r e  or i n  some cases  t h e  equipment w i l l  be a t tached  
d i r e c t l y  t o  t h e  c r e w  module s t ruc tu re .  

EMERGENCY EQUIPMENT 

All emergency equipment, excluding t h e  escape system which is descr ibed  
i n  t h e  fol lowing s e c t i o n ,  i s  provided as GFE. This  i nc ludes  such i t e m s  
as t h e  Por t ab le  Oxygen System (POS), s u r v i v a l  k i t s ,  and medical k i t s .  

- Note: 
System. 

hand he ld  f ire ext inguishers  are descr ibed  as part of t h e  ECLSS 

ESCAPE SYSTEM 

The escape system i s  comprised of t w o  basic subsystems t h a t  are i n t e r -  
related. They can be  descr ibed as: ground emergency eg res s  and 
ejection seat escape subsystem. 

Ground emergency eg res s  provides t w o  avenues of escape. 
r o u t e  i s  v i a  t h e  s i d e  crew hatch and t h e  secondary is v i a  t h e  overhead 
e ject ion panels .  
t h e  i n s i d e  by t h e  crew for immediate eg res s  or from t h e  o u t s i d e  by 
t h e  ground crew for a ided  egress. 

The primary 

Both t h e  s i d e  hatch and panels  can be opened from 

5 



The e j e c t i o n  s e a t  escape subsystem c o n s i s t s  of t w o  Lockheed Model 
F-12 e j e c t i o n  s e a t  u n i t s  t h a t  i n t e r f a c e  wi th  t h e  orbiter energy 
t r a n s f e r  s y s t e m  (ETS) f o r  proper  sequencing of pane l  severance/  
e j e c t i o n  and s e a t  c a t a p u l t  f i r i n g  i n i t i a t i o n .  
p rovides  t h e  c a p a b i l i t y  of only  seve r ing  and e j e c t i n g  t h e  p a n e l s  
without  f i r i n g  the  seats i n  t h e  case of ground emergency e g r e s s  
v i a  t h e  pane ls .  

The ETS also 

Ground Emergency Egress 

Ground emergency c a p a b i l i t y  f o r  OV-102 (OFT) is  described under 
Emergency Egress Devices s e c t i o n .  

E jec t ion  S e a t  System 

1 
The  F-12 s t a b i l i z e d  seat i s  an open ejection seat des ign  to  p rov ide  
emergency escape from ze ro  a l t i t u d e  through 75,000 feet. 
The seat has  two modes of opera t ion :  (1) for ejections above 15,000 
feet, t h e  seat descends on a drogue c h u t e  to 15,000 feet where  
s e p a r a t i o n  and main pa rachu te  deployment occur s ,  and (2)  f o r  
e j e c t i o n s  below 15,000 feet ,  t h e  main c h u t e  is  deployed 1.6 seconds 
after t h e  c a t a p u l t  i g n i t i o n .  
of o p e r a t i o n  b y  m e a n s  o f  a 78" drogue c h u t e  l o c a t e d  i n  t h e  head rest 
which is deployed by a mortar  as soon as t h e  seat l e a v e s  t h e  cockp i t .  
The drogue chute  not  on ly  s tab i l izes  the  seat dur ing  the e j e c t i o n  
phase b u t  also provides  s t a b i l i t y  for t h e  long  descent from h igh  
a l t i t u d e .  It a l s o  provides  rapid, c o n t r o l l e d  d e c e l e r a t i o n  which 
a l lows  quick  deployment of t h e  main pa rachu te  for low a l t i t u d e  
ejections. The seat 's l o w  a l t i t u d e  c a p a b i l i t i e s  are enhanced by 
a mortar-deployed main pa rachu te  which r e s u l t s  i n  dependable,  
predictable, and r a p i d  opening c h a r a c t e r i s t i c s .  

Th i s  system has t h e  c a p a b i l i t y  of provid ing  safe recovery for  
e j e c t i o n s  under t h e  c o n d i t i o n s  of zero  speed  and a l t i t u d e .  
fou r  a s p e c t s  of t h e  system t h a t  p r i m a r i l y  p rov ide  t h i s  c a p a b i l i t y  
are: (1) a high impulse rocke t  t h a t  produces m a x i m u m  ground 
c l e a r a n c e ,  ( 2 )  a high energy seat s e p a r a t o r  which p rov ides  p o s i t i v e  
man-seat s epa ra t ion  and arms t h e  main parachute  on t h e  power s t r o k e ,  
(3) t h e  fast s y s t e m  t iming,  and (4) t h e  mortar-deployed quick- 
opening parachute.  

An i n t e g r a l  p a r t  of t h e  s y s t e m  is t h e  emergency l i f e  suppor t  
equipment. 
and b r e a t h i n g  when an e j e c t i o n  occurs  at h igh  a l t i t u d e .  The 
emergency oxygen along wi th  l a n d  and/or water s u r v i v a l  gea r  i s  
located i n  the  s u r v i v a l  k i t  and seat cushion. An i n f l a t a b l e  l i fe  
v e s t  i s  an i n t e g r a l  par t  of  t h e  p r e s s u r e  s u i t .  

The seat is s tab i l ized  i n  bo th  modes 

The 

T h i s  i nc ludes  emergency oxygen for s u i t  p r e s s u r i z a t i o n  

GROUND SWING DEVICES 

Each man/machine i n t e r f a c e  or mechanical ly  a c t u a t e d  i n i t i a t i o n  
dev ice  i n  t h e  escape  system w i l l  be provided wi th  a dev ice  which, 
when i n s t a l l e d ,  w i l l  p o s i t i v e l y  lock t h e  a c t u a t i o n  mechanism so 
t h a t  i nadve r t en t  a c t u a t i o n  i s  prevented. C o n t r o l s  and dev ices  

6 



which w i l l  be inc luded  i n  t h i s  s a f i n g  procedure inc lude  e jec t ion  
i n i t i a t i n g  c o n t r o l s  on each seat, i n t e r n a l  ‘and e x t e r n a l  panel 
j e t t i s o n  i n i t i a t i n g  c o n t r o l s ,  and mechanical devices  on the seat or 
seat guidance s t r u c t u r e  whose inadve r t en t  i n i t i a t i o n  would endanger 
personnel  or degrade t h e  performance of t h e  escape system. 
ground s a f e t y  device  w i l l  have a f l a g  attached t o  it. Flag a t t ach -  
ments t o  t h e  s a f e t y  device  w i l l  m a k e  i t  impossible t o  remove t h e  device  
by p u l l i n g  or s t epp ing  on t h e  f l ag .  

Each 



SAFETY FEATURES 

GENERAL 

T h i s  section presents the results of the hazard analysis performed on the 
Crew S t a t i o n  and Equipment. The hazard groups identified i n  Desk Instruction 
400-1 were complied w i t h  to  arrange the material in this  section of the Safety 
Analysis Report. Each paragraph identifies the hazard group and the sub- 
paragraph depict the potential hazard a long  w i t h  the corrective measures i n  
which design or  operation will eliminate o r  control the potential hazard. 

MOB I L ITY A IDS/DEVICES 

Injury or Loss of Personnel 

Structural failures and improper design or location of devices could resul t  i n  
injuries d u r i n g  usage or inadvertent contact w i t h  the device dur ing  o n e 4  and 

‘ z e r o 4  crew movement ac t iv i t ies ,  Crew station mockup testings and evaluations 
have been used effectively to  control the proper location, configuration and 
functional provisions o f  aids/devices t o  assure acceptable man-machine interface 
compatibility and function. 

EMERGENCY EGRESS DEVICES 
- 

Injury or Loss of Personnel 

Emergency egress devices (Sky Genies) have been identified for OV-102. Each crebl- 
man wfll be provfded w i t h  one o f  these devices. The Sky Genie-has been used fob a - 
number of  years by such organizations as forestry , f i r e  departments , construction 
industry, and others. I t  has been approved by the State of California Division o f  
Industrial Safety since 1966. The Sky Genle has been used on the orb i te r  mockup 
i n  Emergency Egress Tests to ascertain i t s  a d a p t a b i l i t y  and safe performance 
i n  meeting orbiter emergency egress requirements, Test results have indicated 
i ts  sui t a b i  1 i ty  for safe performance of the intended task. Sui table locations 
for the attachment of the devices were also substantiated by these t e s t s .  

EQUI PMENT MOUNT1 NG 

Coll ision/Impact 

Equipment mounting involves the following basic safety considerations: 

Strength of mounting and equipment securement t o  insure t h a t  equipment does 
n o t  release prematurely under worse case condition of crash loading. 

Equipment and i t s  mounting or bracketry does n o t  present an interference Or 
collision hazard to crewman or ground personnel during routine or emergency 
ac t iv i t ies  w i t h i n  the crew module. 

I 

8 



. . . - -. . . . . . . ... .- . . . . . - . . . . -  . e  

Equipment i s  located, designed or guarded i n  a manner that precludes i t s  use 
as a convenient handhold-foothold unless i t  i s  capable of withstanding such 
usage without degradation. 

These safety considerations are bein used by Design Engineering as 'criteria, 
t o  insure safe and acceptable instal 4 ations. 

EMERGENCY EQUIPMENT 

In general ,  a l l  emergency equipment i s  provided as GFE and is  not considered 
w i t h i n  the scope of this  report. 

However, the capabi 1 i ty for timely retrieval of these items during unpredl cted 
emergency occurrences i s  of prime concern. Consequently, studies have been 
conducted t o  insure t h a t  sui table mounting/stowage locations will  adequately 
provide this usage capabi 1 i ty. 

~ . . .  - 

. . _  . . .  .. 

ESCAPE SUBSYSTEM 

Injury, Loss of Personnel 

e Failure o f  Ejection Panel to Clear Vehicle - The l i s t ed  causes re la te  t o  
mechanical fa i lure  of  the ejection panel assembly components. The design has 
been based on appropriate load analysis and specification design factors have 
been applied which provide adequate margins of safety which insure non-failure 
of components. The system will be further sled tested t o  verify functional 
integrity.  

Ejected Panel Strike Ground Personnel - This hazard has been classified as 
residual due t o  the unpredictablli ty of ejection occurrence. However, this 
hazard can be minimized by pre-planning including f l igh t  p a t h  programing to 
avoid  populated areas and ground rescue procedural cautions w i t h  respect t o  
ejected contacts. 

Ejection Sea t  Malfunction - The Lockheed Model F-12 ejection sea t  i s  a ful ly  
qualified system and has been operational for some time. The re l iab i l i ty  
of the seat system i n  performing w i t h i n  the conditions imposed by Shuttle 
performance and requirements have been verified by analysis and will be 
further confirmed by sled tes ts .  

Ejection Panel Controls Inaccessible - Safety was concerned w i t h  the ab i l i t y  
of a low percentile individual t o  reach and activate the panel jett ison 
control from a seated position for the purpose of i n i t i a t i n g  panel je t t ison 
for a secondary egress op t ion .  The adequacy of design was substantiated by 
mockup tes ts  w h i c h  verified t h a t  this function could be achieved by a l l  
individuals w i t h i n  the 5 - 95 percentile range, 

. 

, I  
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C a p a b i l i t y  to Safely Perform Emergency Egress W i t h i n  the 60 Second VEI 
Specification Requirement - Extensive ground egress testing was performed 
on the orbi ter  mockup. The tes t s  evaluated various proposed avenues o f  
egress and egress devices, The current baseline egress routes and egress 
devices were proven safe and acceptable for their  intended usage. 

Premature Chute Deployment a t  Altitudes Above 15,000 Feet - This hazard was 
based on the assumption that the ejection seat aneroids that  i n i t i a t e  main 
chute deployment may not be compatible w i t h  the constant one atmosphere of 
pressure normally maintained w i t h i n  the crew module, 
alt i tudes above 15,000 feet ,  the aneroids which had been subjected to  zero 
alt i tude pressures (14.7 psi) w i t h i n  the crew module, may not have been sufficiently 
responsive to the  new ambient pressure to i n h i b i t  chute deployment until the 
safe 15,000 foot a1 t i  tude had been reached. Special tes ts  performed by Universal 
Propulsion Company proved t h a t  together w i t h  a ser ies  time delay contained i n  
the basic seat  c i rcui t ,  the aneroids would respond to pressure changes w i t h i n  
sufficient time to provide a subs tan t ia l  margin of safety. 

Upon ejections a t  

Cot 1 i sion/ Impact 

Collision o f  Ejection Seats - This hazard  has been reduced by design changes 
which incorporate a 0.5 second time delay between seat  ejections, and 
modification to the ejection seat  r a i l s  t o  provide increased divergence 
between seat  paths. 

GROUND SAFETY DEVICES 

Loss of Personnel 

Accidental Actuation of Escape System During Ground Operations - This hazard 
has been controlled by the use o f  safety controls and devices as described 
previously, The hazard has been closed on the basis of these safety provisions. 

10 
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9 
CREW STATION AND EQUI PNENT SYSTEM HAZARD SUMNARY 

x 
Thfs  volunie of the Safety Analysis Report addresses the OV-102 Shutt le  Orbiter, 
Vertical F l i g h t  Coilfiguration, Crew Station and Equipment (CS&E) System. 
Twenty HA's have been identified in the CSEtE area. The hazard analysis was 
perfornied i n  parallel w i t h  design definition and many of these hazards were 
identified from infomation i n  reports such as tfie AccidentlIncident Data 
Bank and the JSC OC134 Space F l i g h t  Hazard Catalog t h a t  was available from 
previous programs. I n  most cases the i n i t i a l  design incorporated the safety 
features t o  eliminzte o r  control these hazards, and the Safety Analysis Report 
listing was used as a method t o  check that  the safety features were-incorpo- 
rated i n  the design. Table I is  a sumnary o f  the nuxber of hazards i n  each 
hazard category for  each CS&E group. Table I 1  l i s t s  each of the hazards 
identified,  by CS&E subsystem, and their  disposition. Table I11 i s  a mission 
phase breakdown of the HA's .  Of the twenty hazards ident i f ied,  thirteen o f  
these are closed a r d  seven are open, five of whi:h are i n  an in-work s ta tus  
and two are residual hazards. 

RES I DUAL HAZARDS 

. -  

_ _  ___._ - -- --- . -  _ _  

1YXX-0712-1A "Insecurity of  Stowage Container I4olrnting.I '  This hazard has been 
classif ied as a residual h a z a r d  due t o  the lack of visual capabili ty t o  verify 
tha t  a l l  containers are  properly secured to  the i r  mountings, 
stowage containers will be installed and while on-orbit they may be temporarily 
removed and then reinstalled prior t o  reentry. The instal la t ion of containers 
involves securement of the container t o  i t s  rwnt by use of b l i n d  fasteners. 
.Therefore, a f inal  visual check camot ba m d e  t 2  insure tha t  a l l  fasteners have 
been engaged and properly tightened, 

1VXX-0721-2A "Ejected Panel Strikes Ground Pcrscnnel and/or Property." This 
hazard has been classif ied as a residual hazard due to  tI:e unpredictability o f  
ejection occurrenc2. However, this hazard can b:! minimized by pre-planning 
inc lud ing  f l i gh t  path programming to  avoid populated areas and ground rescue 
procedural cautions w i t h  respect to  ejected panel contacts. 

Prior to  a mission, 

__._ . - - -  - - - -- -. - -. OPEN tiAZARDS - IN WORK 

1YXX-0710-03 "Emergency Egress Device Failure." This hazard was or iginal ly  
identified as  an OV-101 and subs concern (H/A 1ZXX-0710-1C). 
subs design differences inside hatch egress provisions - increased number o f  
Sky Genies required for  f l i gh t  deck egress, and hot TPS contact w i t h  Sky Genie 
descent l ines  - this concern has been reidentified by this new HA effective 
OV-102 and subs, and i s  s t i l l  i n  work. 

1ZXX-0716-1B "Damage to  ETS Lines Because of Inadequate Protection." 
T h i s  hazard has been reopened (1-19-76) for  the purpose of identifying an 
additional hazard cause relating to potential darnage of energy transfer system 
(ETS) l ines.  ETS l ines are susceptible t o  damage from bending and impact as a 
resu l t  of exposure t o  kicking, snagging or  handhold usage. This damage is  not 
visually detectible and can render the crew escape system inoperative, I t  is 
therefore important t h a t  these lines be shielded or guarded from abuse. 
panels have been provided for  OVlOl and desi n i s  i n  progress t o  sa t i s fy  this 
required protection for  ON02 (Ref. MCR 2497 . 

Due to  OV-102 and 

I 
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1YXX-0717-06 "POS Inaccessibility." This is a new HA tha t  i s  concerned w i t h  
providing on station usage capability d u r i n g  a l l  c r i t i ca l  mission phases, 
Design i s  investigating possible mount ing  locations tha t  will permit immediate 
in-place usage during an emergency. 

IVXX-0721-13 "Flying Objects Caused by Decompression Effect from Panel Jet t ison 
During High A1 tituda Ejections," This hazard relates  to possible d i rec t  injury 
t o  cramen or  interference with the safe functioning o f  the ejection sea t  system, 
Action to  resolve th i s  problem i s  currently i n  progress under authorization by 
blCR 3164. 

1VXX-0721-14 "Ejection Seat Aneroid Damage from Crew Compartment Pressure 
Tests (MCR 1983)." The aneroids, which control ciain chute deployment, are  not 
presently qual i fied for  exposure t o  overpressilrec . Overpressure damage to the 
aneroids could resul t  i n  malfunction of main chute deployment. Testing i s  i n  
progress to insure t h a t  the aneroids will not be adversely affected by anticipated 
crew compartment pressure tes t ing , 

: . 

. . . . .  . . . . . . .  . __ .  . . .  .... . -  
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TABLE I 1  . 

HAZARD ANALYSIS S U b W  

SHUTTLE ORBITER OV-102 CDR I 
.SUBSYml G€U)oP I CREW STATION & EQUIPMENT 1 

MOBILITY AIDS & DEVIC 
1 ZXX-J708-1 C 

EMERGENCY EGRESS D E V I  
1 YXX-3710-03 

STOWAGE 
1YXX-0712-1A 

EQUIPMENT MOUNT 1 NG 
1 ZXX-0716- 18 

EMERGENCY E UIP. 
11YXX-0717- 6 

ESCAPE SYSTEM E- vxx-07 1-1 
l VXX-0721-2A 
1VXX-0721-3B 
1YXX-0721-48 
1VXX-0721-5A 
1VXX-0721-68 
1VXX-0721-7A 
1VXX-0721-8A 
1vxx-0721-9c 
1VXX-0721-1 OA 
1vxx-0721-11 
1 Y xx-3721-12c 
1vxx-0721-13 
1vxx-0721-14 

VXX-0722-1 A 
SCAPE SYSTEM SAFING 

-AA 

; 
'B B 

BB 

BB 

DD 

AA 
AA 
AA 
AA 
BB 
BB 
BB 
AA 
A A .  
BB 
AA 
AA 
BB 
AA 

AA 

PROBBI DESCRIPTION 

i i l u r e  o f  Device 

ii 1 ure o f  Device 

a i l u r e  o f  Mountings 

a i l u r e  o f  Mount, Att;Etc. 

os. I n a c c e s s i b i l i t y  

j e c t i o n  Panel F a i l u r e  
j e c t .  Panel S t r i kes .  Personnel 
j e c t i o n  Seat F a i l u r e  . 
rema t ure E jec t  1 on 
j e c t f o n  Seats C o l l i d e  
j e c t i o n  Seat Ra i l  F a i l u r e  
! a i l  F a i l .  During Crash Landing 
l j e c t i o n  Panel Control A c c e s s i b i l i t y  
n a b i l i t y  o f  60 Sec. Emerg. Egress 
;eat-To-Ejec. Panel C o l l i s i o n  
'remature Chute Deployment 
jack Wedge Retract  F a i l u r e  
' l y i ng  Objects During Eject .  
l a i n  Chute Deployment Fai 1 ure  

Accidental Seat E j e c t i o n  

14 
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TABLE I11 

HAZARD ANALYSIS MISSION PHASE LISTING 

SUBSYSTEM GROUP: CREW STATION b EQUIPMENT 

HAZARD NUMBER PROBLEM DESCRIPTION 

L 

PRELAUNCH 
7 ZXX-0708-1 C 
1 ZXX-0716-1 B 
1 Y XX-0717-06 
1 vxx-0721-9c 
1VXX-0721-14 
1 VXX-0722-1A 

LIFT' OFF THRU ORBIT 
1YXX-0712-1A 
1 ZXX-0716-18 
1YXX-0717-06. 
1vxx-0721-1 c 
1 VXX-0721-2A 
1VXX-0721 -BB 
1VXX-0721-5A 
1VXX-0721-6B 
1VXX-0721-10A 
1 vxx-0721-11 
1 YXX-0721-12c 
1vxx-0721-13 
1vxx-0721-14 

ON ORBIT 
1ZXX-0708-1 C 
1 YXX-0712-1A 
1 ZXX-0716- 1B 
1 Y  XX-0717-06 
1YXX-0721-48 

DE-ORBIT THRU LANDING 
i YXX-0710-03 
1YXX-0712- 1A 
1 ZXX-0716-1B 
1 YXX-0717-06 
1 vxx-0721-1 c 
1 VXX-0721-2A 

Fa i l u re  o f  Device 
Fa i l u re  o f  Mount, A t t ,  Etc. 
Pos , Inaccessi b i  li ty 
I n a b i l i t y  of 60 Sec. Emery. Egress 
Main Chute Deployment F a i l u r e  
Accidental Seat E j e c t i o n  

Fai l u r e  of Mountings 
Fa i l u re  o f  Mount, A t t ,  Etc. 
Pos . I n a c c e s s i b i l i t y  
E jec t i on  Panel F a i l u r e  
Eject .  Panel S t r i kes  Personnel 
E ject ion Seat F a i l u r e  
Eject ion Seat C o l l i s i o n  
Eject .  Seat Ra i l  F a i l u r e  
Seat/Eject i  on Panel Col1 i son 
Premature Chute Deployment 
Back Wedge Retract  F a i l u r e  
F l y ing  Objects During E j e c t i o n  
Main Chute Deployment Fai 1 ure 

Fa i l u re  o f  Device 
Fa i 1 ure of Mountings 
Fai lure of Mount, A t t ,  Etc. 
POS. Inaccessi b i  1 i ty 
Premature E j e c t i o n  

Fa i l u re  o f  Device 
Fai lure of Mountings 
Fa i l u re  of Mount, A t t ,  Etc. 
Pos. Inaccessi b i  1 i ty  
Eject ion Panel Fai 1 u re  
Eject .  Panel S t r i kes  Personnel 

15 
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TABLE 111 

HAZARD ANALYSIS M I S S I O N  PHASE LISTING 

SUBSYSTEM GROUP: CRRJ STATION & EQUIPMENT 

HAZARD NUMBER PROBLEM DESCRIPTION 

DE-ORBIT THRU LANDING (Cont.) 
1 vxx-0721- 38 
1 VXX-0721-5A 
1 VXX-0721-68 
1VXX-0721-7A 
1 vxx-0721-8A 
1 vxx-0721-9c 
1VXX-0721-10A 
1vxx-0721-11 
1YXX-0721-12c 
1vxx-0721-13 
1 vxx-0721-14 

E jec t i on  Seat Fai 1 u r e  
E j e c t i o n  Seat C o l l i  son 
E j e c t i o n  Seat R a i l  F a i l u r e  
R a i l  F a i l .  During Crash Landing 
E jec t .  Panel Control  A c c e s s i b i l i  ty  
I n a b i l i t y  of 60 Sec. Emerg. Egress 
Seat/Eject. Panel Col li sion 
Premature Chute Deployment 
Back Wedge Re t rac t  F a i l u r e  
F l y i n g  Objects Dur ing Eject .  
Main Chute Deployment F a i l u r e  

16 
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HAZARD ANALYSIS LISTING 

The tabular l i s t i ng  o f  hazard analyses are  included. 
tracking levo1 listings are  as follows: 

The i n i t i a l  and 

CA Catastrophic: no time available t o  accommodate 

CR Crit ical:  time available t o  react t o  potentially 

pot en t i a 1 ha zard. 

hazardous situation. 

CA/CN Catastrophic potential hazard having methodology 
identified t o  control hazard. . 

. CR/CN Crit ical  potential hazard having methodology ident i f ied 

Potential hazard tha t  has been controll& or  eliminated. 

1 to  control hazard. . 
CN/CN 

Note: CA o r  CR tracking s ta tus  indicates an open hazard. 
indicates a conditionally control hazard and CN/CN is a closed hazard. 

CA/CN o r  CR/CN 

. 

\ 

.. 

-. ... --.. - 

. .  
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APPENDIX A 

Crew S t a t i o n  Systems Hazard Analysis P r i n t o u t  

18 
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